We report double resonance experiments with a broad range of pump frequencies up to 3.9 GHz and millimeter wave signal frequencies up to 160 GHz. It is demonstrated by the HFS of a rotational band head that these experiments provide a useful tool for analysing complex spectra in the range below 4 GHz.
In this paper we report double resonance experiments with pump frequencies from 1 MHz to 3,900 MHz(RF) and signal frequencies in the millimeter wave region up to 160 GHz(MMW). With this work we continued our efforts in investigating and applying double resonance techniques in microwave spectroscopy [1] [2] [3] [4] [5] [6] [7] [8] .
Although microwave-microwave (MW-MW) [9] [10] [11] [12] [13] , microwave-millimeterwave (MW-MMW) 14 and radiofrequency-microwave (RF-MW) [15] [16] [17] double resonance has widely been used, no experiments have been reported to our knowledge using such a broad range of RF for the pump and MMW for the signal frequencies. Some examples will be given. One will be the application to the analysis of the HFS of a rotational band head by pumping HFS transitions.
Experimental
The main features of the apparatus are given in Figure 1 . The most critical part is the absorption cell (1) **, 1.50 m long, made of X-band brass waveguide. It was tested to transmit RF to 4.5 GHz by a crystal detector 1 N 23 (2) above and an oscilloscope (3) (Tektronix 7904 + 7A19) below 1 GHz. We think that the transmission is a "coaxial"-type mode with a septum (4) like a stark septum as inner and the waveguide as the outer conductor. The ends of the septum were tapered as drawn in Figure 1 . The vacuum tight connectors (5) are as given in Fig. 1 of Reference 6 .
This construction reduces missmatch of the absorption cell and the RF-and MMW-generators. There is still a missmatch at the point, where the connecting wire is introduced in the waveguide.
For millimeter waves the cell was tested up to 220 GHz.
The millimeter waves were produced by a modified Gordy-Type multiplier (6) with Phosphor diffused Silicon cristals driven by a klystron (7) (OKI 30V12, 35V12, 40V12) in an oil bath. At fixed frequencies the klystron can be phase stabilised with a frequency standard (10) (Schomandl ND800M) and a synkriminator (11) (Schomandl FDS30).
In the free sweep mode markers are produced by the frequency standard (10) and narrow band receiver (14) (Collins Radio R3 90/URR).
The RF is taken from an oscillator (15) (Hewlett-Packard 3200 B; 10 to 520 MHz) controlled by a counter (16) (Hewlett-Packard 5303 B + 5300 A). The on-off modulation was made by a ring-mixer (17) (Mini-Circuits Lab ZAY 2) fed with continous wave RF and a 2 to 50 kHz square wave from a pulse generator (18) (Amritsu MG 412 A). The modulated RF was amplified, if necessary (19) by an amplifier (EIN 310 L, Hughes 46111H). RF-frequencies above 2.3 GHz were supplied by an oscillator (Rohde & Schwarz SLRC 0.5 -3 Watts in 50 Q), which can be amplitude modulated. The oscillator was phase stabilised by a frequency standard (21) (Schomandl FD3), a mixer (22) (Rohde & Schwarz XME) and a synkriminator (23) (Rohde & Schwarz XKG). A free sweep was made by a motor drive (24). In this mode of operation markers can be produced by the frequency standard (21) and the receiver (14) . The detection system was built by a modified Gordy-Type detector (25), followed by a preamplifier (26) (PAR 113) a phase sensitive detector (27) (Tekelec TE 9000) and a recorder (28). The mode II is presented also in Figure 3 . Here the pump frequency vp was swept, the signal frequency v s was used as a monitor gaining sensitivity by (vjvp) 2 » 10 3 . So the intensity problems in the frequency range below 4000 MHz may be overcome 1 W and 2.7 kHz modulation frequency of the pump. Operational mode I. For level diagram see Figure 3 .
3781-45
pump in special cases. The HFS is clearly resolved. As shown in Table 1 the observed pattern agrees with the calculated one using molecular constants reported in 18 .
2768-71 ^pump
In Fig. 4 it was checked, that the pump frequency is independent of the signal (monitor) frequency. In both cases setting rs = 157,641.98 MHz for 726-> 827 or rs = 160,185.58 MHz for 725->826 the pump frequency resulted as rp = 3916.9 MHz for 726 -y 725 for CH2 = CHF.
The recording of Fig. 5 was made in attempting to resolve the torsional fine structure of CH3OCl, which was estimated with the reduced barrier height s = 74.5 to be approximately 0.9 MHz for the 133,11-^ 142,12 transition at >' p = 2767 MHz. As can be seen the fine structure was not resolved, presumably as the HFS fine structure interferes with the torsional fine structure.
As a final application we present a HFS-analysis of the band head of the CH30 35 C1 7 = 11 ->12 AK_ = 0 transitions. Here we observed that HFStransitions of a near prolate top can be pumped as a consequence of the near degeneracy of the JK-K+ and JK-K'+ levels. This is illustrated in Figure 6 . On the right hand side the levels are drawn with an enlarged scale. AF = + 1 and AF = 0 transitions are given by arrows, AF = -1 transitions are not drawn.
On the left side, the JR-K+-and /.K_.K'+-levels coincide. AF = ± 1 transition frequencies are not more distinguishable. Figure 7a convinced us that it is hopeless to attempt an analysis of the contour of the band head recorded with Stark-modulation. As the analysis with the use of RF-MMW-double resonance is still quite complex it may help to consider the final result first. In Fig. 8 a Fortrat-diagram for the band head 7 = 11 -12 is given. The intensity of the lines is marked by the length of the bars. The superposition of all these lines gives the contour of Figure 7a .
Working in operational mode I the pump frequencies of Table 2 were applied successively. The pump power was monitored at the second connector of the absorption cell and is given by the peak to Figs. 7br and 7dr ) the assignment is made unambiguos. A closer inspection reveals that details are worked out that cannot be seen with Stark-modulation spectroscopy. Table 3 gives the observed frequency when transitions with / = llx_ or J-12^-ar e pumped or when Stark modulation is used. In Table 4 The consistancy of the data shows that the analysis of the band head was successful. We think that RF-MMW double resonance is very useful as a selective modulation in the MMW-region a JF= +1 and AK-= 0 transitions of the A-and E-levels were pumped. Pump frequencies are given in Table 2 and as a method for increasing the sensitivity in the region below 4000 MHz.
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